Abstract: Theory shows that waves with constant intensity can perfectly transmit through a disordered medium with a tailored distribution of gain and loss. We present the first experimental realization of this concept using an acoustic waveguide. OCIS codes: (160.3918) Metamaterials; (350.7420) Waves; (290.4210) Multiple scattering;
Introduction
In disordered materials, signals cannot propagate efficiently due to multiple scattering, which is a strong limitation in wave engineering. Here, we propose and demonstrate experimentally a very unconventional solution to this adverse problem, based on non-Hermitian scattering theory. As shown recently in a theoretical proposal [1, 2] , engineering gain and loss in a system allows one to create a new family of waves that have the unique feature that their intensity is constant in space despite the presence of a strongly scattering medium. In this work we show explicitly how this abstract concept can, in fact, be used as a new strategy to fight the detrimental effect of disorder scattering. We introduce this new design principle and establish its successful operation using a real-world acoustic waveguide and a set of simple electroacoustic resonators. This is the first experiment so far demonstrating this new kind of waves. ( ) the non-Hermitian distribution of the dielectric constant. We now make an ansatz for the electric field traveling only in positive x -direction with constant amplitude, E x ( ) = exp i W(x) dx , with an arbitrary real-valued generating function W (x) . The corresponding intensity of the wave is given by E(x) 2 = 1 , i.e., it is constant everywhere inside the medium. By fixing the shape of W (x) , we can identify analytically the required non-Hermitian optical potential
Theory
that supports such a constant-intensity wave [1] . Such a scattering state is perfectly transmitted with no reflection (from left to right) and no intensity variations inside the medium despite the fact that the dielectric function can be highly fluctuating in space. Most importantly, we find that for each distribution of the passive dielectric function, a corresponding gain-loss distribution can be found that gives rise to constant-intensity solutions. Furthermore, these counterintuitive wave states do not just exist for light, but also for sound waves, where the complex mass density in acoustics plays the role of the dielectric constant in optics. This property opens up the exciting possibility to realize constant-intensity waves in an acoustic wave system, for which, contrary to our everyday experience, sound propagates through a non-uniform medium without any variations in its pressure.
Experimental realization with an acoustic waveguide
Instead of a continuous mass density distribution, which is difficult to implement in practice, we show that constant pressure waves can also occur in a discrete acoustic systems, leading to more practical distributions of gain and loss. For this purpose consider a one-dimensional acoustic metamaterial composed of an air-filled tube, loaded with a set of four discrete and equidistant acoustic inclusions, which we model as acoustic impedances that can provide gain and loss as shown in Fig. 1 . At low frequencies, where only a single mode can be excited, the system can be described by a transmission-line (TL) model [3] . When not actively controlled, i.e., when the system is Hermitian, the inclusions give rise to multiple scattering of the incident acoustic wave leading to pressure variations inside the tube. If, however, the inclusions provide the necessary gain and loss (derived from our theory), the pressure of the acoustic wave measured directly in front of the inclusions is constant for all sites, as shown in Fig. 2 . Fig. 1 A one-dimensional acoustic metamaterial consisting of a waveguide loaded with four actively controlled nonHermitian acoustic inclusions.
Our measurements on this non-Hermitian acoustic metamaterial demonstrate unambiguously the creation of a wave that features the same constant pressure throughout the entire disordered structure. We expect our proof-of-principle demonstration to trigger interesting new developments not only in sound engineering, but in particular also in the newly emerging field of non-Hermitian photonics. 
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